Ampullary carcinoma or cancer of the ampulla of Vater is a rare malignancy with a high recurrence rate. Although cost-effective biomarkers, such as neutrophil-to-lymphocyte ratio (NLR), have been investigated in other cancers for predicting postoperative prognosis in patients, studies on the role of NLR in ampullary cancer are scarce. Here we aimed to evaluate the prognostic significance of preoperative NLR in patients with operable ampullary carcinoma. We retrospectively reviewed 87 patients who underwent pancreaticoduodenectomy for the treatment of ampullary carcinoma between December 1999 and April 2014. The association between NLR and prognosis (overall survival [OS] and disease-free survival [DFS]) was evaluated. Possible correlations between NLR and clinicopathological features were also assessed. The 5-year DFS and OS rates after surgery in patients with ampullary carcinoma were 51% and 63%, respectively. A high NLR (≥3.0) was found in 40 patients. The NLR was a significant prognostic factor for both OS and DFS. Multivariate analysis revealed a significantly worse OS in patients with positive surgical margins and NLR ≥3 (p = 0.001). Patients with T3-T4 stage (p = 0.029) and NLR ≥3 (p = 0.043) had a lower DFS. Patients with a high NLR had a significantly worse Eastern Cooperative Oncology Group performance score. Preoperative NLR is an independent and significant predictive factor of prognosis in patients with ampullary carcinoma. An elevated pretreatment NLR (e.g. NLR ≥3) may be considered as a biomarker for poor prognosis in patients with ampullary carcinoma.
INTRODUCTION
Accounting for only 0.2% of all gastrointestinal malignancies, ampullary adenocarcinomas are exceedingly rare. Among periampullary tumors, ampullary carcinoma (also known as cancer of the ampulla of Vater) is the second most common malignancy, following carcinoma of the head of the pancreas [1, 2] . Whipple operation is still the treatment of choice [3, 4] , and compared with periampullary carcinomas, ampullary carcinomas have a relatively better prognosis and higher rate of resection. The 5-year survival rate of patients with resected ampullary carcinoma ranges between 30% and 67.9% in different series [5] [6] [7] [8] . Approximately 80% of all ampullary carcinoma cases are resectable at the time of diagnosis, although the cancer recurs in almost half of the patients [9, 10] . Considering the high recurrence rate, the important role of prognostic markers is emphasized. Recently, researchers have identified numerous prognostic factors associated with systemic inflammation in various types of malignancies. These factors include serum albumin and C-reactive protein (CRP) levels, as well as the preoperative neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR), among others [11] [12] [13] [14] [15] .
Our study is aimed to determine the prognostic value of preoperative NLR and its association with survival outcomes following resection in patients with ampullary adenocarcinoma.
MATERIALS AND METHODS

Ethical approval
All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee, and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.
This retrospective study was initially approved by the Ethical Committee of Ankara Numune Training and Research Hospital, Ankara, Turkey.
Informed consent
Informed consent was waived for individual participants included in the study given the retrospective nature of this work.
Study design
We consecutively included 87 patients with histologically confirmed carcinoma of the ampulla of Vater who underwent curative pancreaticoduodenectomy at our institution, including R0 and R1 resections, from December 1999 to April 2004. All patients were above the age of 18 years and some received adjuvant therapies. Patients who had metastatic disease at the time of diagnosis or who were inoperable for other reasons, as well as patients who were previously treated for another primary malignancy or who were pregnant, were excluded from the study.
Initially, the association between clinicopathological parameters and the disease-free survival (DFS) or overall survival (OS) rate following pancreaticoduodenectomy was determined using univariate and multivariate analyses. The age, sex, pathologic tumor stage (pT-stage), absolute neutrophil count (ANC), absolute lymphocyte count (ALC), lymph node metastasis (LNM), surgical margin positivity, applied treatments and treatment responses, postoperative Eastern Cooperative Oncology Group (ECOG) performance score, and NLR were investigated.
Routine preoperative blood tests were performed on venous blood from all patients. The NLR was calculated by dividing the ANC by the ALC. Lymphopenia was defined as a lymphocyte count ≤1.5 × 10 9 /L and neutrophilia as a neutrophil count >7 × 10 9 /L according to the reference values used in our laboratory. The NLR cut-off value (<3 or ≥3) was determined in accordance with previous studies [11, 12, 16] .
Recurrence was defined as newly formed local or distant metastatic tumors evident in imaging studies such as ultrasonography, magnetic resonance imaging or computed tomography during follow-up, either with or without an associated increase in serum carcinoembryonic antigen (CEA) or carbohydrate antigen 
RESULTS
Patient characteristics
Eighty-seven patients were included in the study. The demographic features of the patients are summarized in Table 1 . The median age was 62 years (range, 37-83 years) and 51 of the patients were male (58.6%). Thirty-eight (43.7%) patients had T1-T2 tumors and 49 (56.3%) had T3-T4 tumors. LNM was detected in 51 (58.6%) patients. Seven patients (8. 
OS and DFS analysis
The median follow-up from the initial diagnosis was 40.9 months (range, 1.68-186.15 months). The 5-year DFS and OS rates following pancreaticoduodenectomy were 51% and 63%, respectively.
Prognostic factors
In the univariate analysis, factors which may have potential prognostic significance in terms of DFS and OS were investigated. These parameters included age, sex, ECOG performance status, T-stage, ANC, ALC, lymph node status, surgical margin positivity, history of adjuvant treatment, and NLR.
NLR ≥3 (p = 0.048) and T3-T4 stage (p = 0.038) were associated with a poor DFS (Table 3 ). In the multivariate analysis, NLR ≥3 (p = 0.041) and T3-T4 stage (p = 0.033) remained significant predictors of recurrence ( Figure 1A) . Table 4 
DISCUSSION
There has been a growing interest in the field of oncology to identify prognostic markers that are cost-effective, easily accessible, and simple to evaluate. To contribute to these ongoing efforts, we investigated the predictive value of NLR in determining the prognosis of patients with operable ampullary carcinoma. Our multivariate analysis showed that a high NLR was significantly correlated with a poor DFS and OS after the treatment in patients with ampullary carcinoma. To the best of our knowledge, this is the most comprehensive report (i.e. we included the highest number of cases) on the therapeutic outcomes of pancreaticoduodenectomy in ampullary carcinoma.
It is now well accepted that inflammation and immunity have a critical role in tumor development. Immune cells that infiltrate tumors communicate with cancer cells and control the tumor growth. Moreover, immune response affects all stages of tumor development, including initiation, invasion, promotion, malignant conversion, and metastasis [17] . The prognostic significance of inflammatory factors such as albumin, CRC, and PLR has been demonstrated in numerous malignancies. The importance of NLR, as a readily accessible and cost-effective prognostic parameter, was also indicated in different types of cancers, including esophageal, colorectal, bladder, gastric, kidney, breast, lung, pancreatic, and gallbladder cancers, glioblastoma, cholangiocarcinoma, hepatocellular carcinoma, as well as in carcinoma of the ampulla of Vater [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . Other prognostic parameters associated with survival of patients with ampullary carcinoma include T-stage, involvement of lymph nodes, surgical margin positivity, perineural invasion, lymphovascular invasion, ECOG performance score at the time of diagnosis, and tumor differentiation [24] [25] [26] [27] [28] .
Although previous studies have shown that a high NLR is associated with poor survival in different malignancies, the exact relationship between NLR and patient prognosis remains unclear [18] . It is assumed that patients with elevated NLR have relative lymphocytopenia and decreased leukocyte response, which increases the recurrence rate of a tumor [29] . Another hypothesis is that the high neutrophil count may lead to the accelerated progression of neoplasm through the release of vascular endothelial growth factor [30] . When activated, neutrophils suppress cytotoxic T-cells and natural killer cells while regulating the activation of T cells; therefore, an immunosuppressive environment is established [31] . In addition to the mechanisms described above, it was reported that tumor-associated macrophages (TAMs) affect NLR. TAMs are capable of secreting cytokines, particularly interleukin (IL) 6 and IL-8, which are critical mediators of systemic neutrophilia [13, 32] . To the best of our knowledge, only one other study [16] has investigated the role of NLR in patients with ampullary carcinoma. The study included 37 postoperative patients diagnosed with ampullary carcinoma, and revealed that pN2 or pN3 stage (p = 0.025) and NLR ≥3 (p = 0.026) were independent and significant predictors of a poorer OS, according to multivariate analysis [16] . In our study, positive surgical margins (p = 0.033) and NLR ≥3 (p = 0.001) were independent and significant A B prognostic predictors of a poor OS. Moreover, although not significant, there was a tendency toward poorer outcomes in our patients with lymph node involvement (p = 0.068). The differences between our and the study of Haruki et al. [16] may be due to our study design, i.e. we classified LNM only into two groups (present [N] or absent [N0]), while they grouped the LNM into pN0-N1 and pN2-N3. They showed that DFS was negatively correlated with pN2-N3 stage (p = 0.027). In contrast, we reported that NLR ≥3 (p = 0.043) and pT3-T4 stage (p = 0.029) were independent and significant predictors of a poor DFS. Also, Haruki et al. reported 5-year DFS and OS rates following pancreaticoduodenectomy of 73.4% and 82.1%, respectively, compared to 51% and 63% in our study. This difference may be due to our patient selection since the number of patients with relatively poor prognostic factors was higher in our population. In their study [16] , patients with pT3-T4 and NLR ≥3 constituted 38.0% and 27.0% of the total number of patients compared with 56.3% and 46.0%, respectively in our study. A high NLR was associated with an advanced T-stage (p = 0.007) in the study of Haruki et al. and it was associated with poor ECOG performance (p = 0.021) status and a higher ANC (p < 0.001) in our study. Since the tumor microenvironment produces cytokines, patients with a high NLR may have a poorer ECOG performance status. Our study is limited by its retrospective design. However, the advantage is that we included the highest number of ampullary carcinoma cases described in the literature so far.
CONCLUSION
There is an increasing trend of utilizing easily accessible and cost-effective markers to predict postoperative prognosis in cancer patients. Here, we report that preoperative NLR may predict both DFS and OS rates in patients with ampullary carcinoma. Since it is cost-effective and routinely measured during preoperative blood tests, NLR is easy to evaluate in almost all patients. As an indicator of poor prognosis, NLR may be useful in monitoring and managing patients with ampullary carcinoma. 
